Stomata are sensitive to changes in the intercellular carbon dioxide concentration (2); we do not know the underlying mechanism. CO2 competitively inhibits many morphogenetic effects of ethylene (1, 3). We therefore studied whether ethylene in turn acts as a competitive inhibitor of stomatal responses to CO2 and supplemented our studies by applying two other gases, allene (CMH4) and nitrous oxide (N20), which due to the electronic configuration of their molecules could also compete for the CO2 receptor in the guard cell.
tile organic compounds. Known amounts of CO2 were added by gas mixing pumps. Ethylene, allene, or nitrous oxide were bubbled into the air stream through a capillary tube dipping into a 5-ml beaker containing 2 ml of paraffin oil at the bottom of a gas mixing flask. Bubble sizes were determined before and bubble frequencies during the experiments. CO2-free air as well as the gas mixtures were humidified at room temperature and directed into any one or more of six leaf chambers by means of a series of solenoid valves.
Measurement of Stomatal Aperture and Photosynthesis. Leaf sections were clamped horizontally between pairs of Plexiglas chambers and submerged into a bath kept at 25 C (4). The exposed leaf area was 2.5 cm2 per pair of chambers; air flow through each of the lower chambers was 19 1 hr-', and the pressure difference between lower and upper chambers was maintained at 10' dyne cm-2. The resulting air flow through the leaf sample was a measure of stomatal aperture; it was recorded by means of photoelectric transducers (4) . In some experiments the lower chambers were not flushed continuously but supplied with the desired gas mixtures at 10' dyne cm-2 pressure against the upper chamber. The gas passing the leaf samples was first conducted through the flow meters and then into an infrared gas analyzer for the measurement of CO2 depletion in the gas stream. The product of CO2 depletion and gas flow through the leaf gave the rate of net CO2 uptake.
Ethylene Ethylene Applied in Darkness. Stomata of Zea mays were opened by illumination and kept open during a following period of darkness by continuously flushing C02-free air through the leaf samples at 0.6 to 0.8 ml cm-2 sec-1. When the CO2-free air was replaced by air containing 10 or 20 ,ul/liter CO2, the stomata reduced their aperture but still allowed an air flow of about 0.2 ml cm-2 sec-1. Ethylene was then added to give concentrations between 1 DISCUSSION AND CONCLUSION The stomates of Zea mays and of Pisum sativum did not respond to ethylene concentrations between 1 and 10' fd/liter. The mechanism of CO2 action on stomata is, therefore, different from that which competitively inhibits morphogenetic responses to ethylene. The absence of any response to nitrous oxide confirms earlier findings of Slatyer and Jarvis (5), and stomatal insensitivity to all three gases applied, ethylene, allene, and nitrous oxide, suggests that the CO2 receptor in the guard cells is specific for CO2. Our results, however, do not kll 4D RASCHKE Plant Physiol. Vol. 49, 1972 rule out the possibility that hydrocarbonate ion is the molecular species that causes stomatal closure in response to CO2.
